Study: Replace LiH-based cooler with gas-filled transport and rf cavities Results: Beam Cooling is significantly improved. Final emittance is ~20% less. ~20% more beam is in neutrino factory acceptance.
Introduction
We discuss the design of the muon capture front end of the neutrino factory International Design Study. In the front end, a proton bunch on a target creates secondary pions that drift into a capture transport channel, decaying into muons. A sequence of rf cavities forms the resulting muon beams into strings of bunches of differing energies, aligns the bunches to (nearly) equal central energies, and initiates ionization cooling. For the International Design Study (IDS), a baseline design must be developed and optimized for an engineering and cost study. We present a baseline design that can be used to establish the scope of a future Neutrino Factory.
Front End -Overview
Drift from Target, Adiabatic Bunching, Bunch phaseenergy Rotation, and Initial Cooler . •Use Be cavities; Be should have higher rf breakdown limits.
•Use magnetically-insulated rf cavities
•Use magnetically shielded rf lattice •Use gas-filled rf in Cooling. H gas suppresses breakdown µ/p (εt < 0.03, εL < 0.2) µ + /10000 8GeVp
Study: H 2 gas with pressure reduced to a level that is designed to suppress breakdown, with minimal energy loss cooling. The required pressure is 15 atm equivalent (ρ=0.00126 gm/cm 3 ). A study 2A configuration with either constant B-field or alternating solenoid lattice in the Rotator was considered. In one example the buncher rf was reduced to <6MV/m, anticipating possible gradient limits.
Results: All of the examples showed adequate capture and bunching, and cooling. Alternate solenoid lattice in the Rotator reduces acceptance by ~20%, but can be compensated by capturing at higher energy. Low-density gas-filled cavities do not reduce performance, confirming their potential use to prevent rf breakdown in the baseline design.
Best performance is obtained with high-pressure H 2 gas cooling in the Cooler. This was ~20% better than Study 2A baseline.
a string of ~200MeV/c bunches, the bunches are cooled.
The cooling equation is:
The equilibrium emittance is:
rf/Magnet Requirements
The capture concept requires using relatively high gradient rf fields interleaved with relatively strong solenoidal magnetic fields. In the Buncher, rf gradients of ~7MV/m at ~200MHz within 1.5T solenoids are needed. The Rotator uses 12MV/m gradients within 1.5T, and the Cooler uses ~15MV/m within 2.7T alternating solenoid fields.
In a first approximation, the rf cavities are copper pillbox shapes (at 200 MHz, a=0.57m, Q=58000) and are similar to the 200 MHz rf cavities (rounded Cu cylinders with Be windows) built for MICE. 
Conclusions
We have presented a baseline design that sets the scale of the IDS front end system. rf R&D may require changes in that baseline, but should not change the scale of the system. That scale will be used to obtain first-order cost and scope estimates of a Neutrino Factory facility.
Variations that improve performance and/or reduce cost will be considered and developed.
Front end Cooling
Buncher-Rotator cells~2 Rf experiments will determine safe gradients within magnetic fields; parameters and designs will be modified to be within the experimentally determined limits. 
